Abstract-The aims of this study were to find out: (1) the effects of visual mapping on students' problem solving skills, (2) the effects of science-related attitudes on students' problem solving skills, and (3) the interactions between visual mapping and science-related attitudes on students' problem solving skills. This study was conducted at MAN 1 Tanjung Pura, with the samples of 141 students of XI-Science Program. This study was a quasi-experimental technique by using a pretest-posttest experimental group with 4x2 factorial design. The technique of data analysis was processed by the Two-Way ANOVA and followed by Duncan's Multiple Range Test with the aid of SPSS 22.00 on the significance level of 0.05. The results showed that: (1) there were the significant effects of visual mapping on students' problem solving skills (F=94.214; P=0.000), where the scores of students' problem solving skills taught by concept mapping (87.74±2.586) were significantly higher than taught by direct instruction (78.84±2.689), (2) there were the significant effects of science-related attitudes on students' problem solving skills (F=3.397; P=0.031), where the scores of high science-related attitudes on students' problem solving skills taught by visual mapping (85.68±4.312) were significantly higher than the scores of low science-related attitudes on students' problem solving skills taught by visual mapping (77.26±3.614), and (3) there were the interactions between visual mapping and science-related attitudes on students' problem solving skills (F=2.195; P=0.000), where the scores of students' problem solving skills taught by argument mapping with high science-related attitudes were significantly different than taught by direct instruction with high science-related attitudes (P=0.042<0.05) and low science-related attitudes (P=0.000<0.05).
I. INTRODUCTION
Education is the process of developing the capacities and potentials of the individual so as to prepare that individual to be successful in a specific society or culture. The world is becoming more and more competitive, quality of performance has been the key factor for personal progress. Parents desire that their children climb the ladder of performance to as high a level as possible. This desire for a high level of achievement puts a lot of pressure on students, teachers, schools and in general education system itself. School achievement may be affected by various factors like intelligence, study habits, and attitude of people towards school, different aspects of their personality, and socio-economic status.
An emphasis on understanding leads to one of the primary characteristics of the new science of learning: its focus on the processes of knowing [1] ; [2] . Humans are viewed as goaldirected agents who actively seek information. They come to formal education with a range of prior knowledge, skills, beliefs, and concepts that significantly influence what they notice about the environment and how they organize and interpret it. This, in turn, affects their abilities to remember, reason, solve problems, and acquire new knowledge.
For much of the 20 th century, educators have devoted their attention to trying to define and teach problem solving skills. In the early 1900s, problem solving was viewed as a mechanical, systematic, and often abstract set of skills, such as those used to solve riddles or biological problems. These problems often have correct answers that are based on logical solutions with a single correct answer. Under the influence of cognitive learning theories, problem solving shifted to represent a complex mental activity consisting of a variety of cognitive skills and actions. Problem solving included higher order thinking skills such as visualization, association, abstraction, comprehension, manipulation, reasoning, analysis, synthesis, generalization, each needing to be managed and coordinated [3] . Problem solving also includes attitudinal as well as cognitive components [4] .
Science-related attitude is the most important outcome of science teaching. Though some people view the sciencerelated attitude as the by-product of teaching science, yet a majority of the people consider it equally important as knowledge aspect. Science-related attitude is a very significant concern of the process of science education. To develop science-related attitude, the teachers should always remember that without a questioning mind and a spirit of enquiry, studies in science will only mean acceptance of dogma and will never lead to development of attitude towards science in the learner. The students should be made to practice and observe science so that they get the opportunity to feel and develop the components of science-related attitude in their minds.
The means of representing ideas in diagrams with nodelink assemblies has been termed concept mapping [5] , mind mapping [6] and argument mapping [7] . All of these mapping techniques are called visual mapping [8] . When used as a part of instruction, these types of mapping techniques have been shown to increase students" achievement scores [9] , enhance knowledge retention [10] , support problem solving abilities [11] and increase students" attitude towards science [12] .
Educators are looking for new ways to make their teaching engaging, active, and student-centered can use visual mapping tools to achieve their teaching and learning goals. Teachers can visually engage students by making maps that complement or take the place of written information. They can also have their students participate in the tactile activity of making maps. Active learning occurs when "students are doing things and thinking about what they are doing" and meaningful learning happens when students integrate new information into what they already know [13] ; [14] . Visual mapping, which requires students to express their understanding of concepts in words and images and then draw and label links between those ideas, facilitates both learning processes.
In our society academic achievement is considered as a key criterion to judge one"s total potentialities and capacities. Hence, academic achievement has the same thing like problem solving ability and science-related attitude occupies a very important place in education as well as in the learning process. So in view of this a study was conducted to find out students" problem solving abilities and science-related attitudes in Biology, particularly for the topic of human locomotor system on the basis of constructive teaching method of visual mapping, such as concept mapping, mind mapping and argument mapping, respectively.
The researcher has conducted the preliminary studies and initial observation about the mean score that students have achieved for the topic of human locomotor system at MAN 1 Tanjung Pura. Most of the mean score that students have obtained were quite low. The school has applied the minimum accomplishment standard of 83.0 in the eleventh grade, in fact the students just obtained the score below 83.0 (see Table 1 ). In fact, students" problem solving skills and sciencerelated attitudes were also declined because of students were not actively involved in learning activity [15] . The learning processes occured in schools were mostly based on a teachercentered instruction. It was also stated that science education has, in many cases, become teacher centered, based on rote memorization, and focused on test scores [16] ; [17] ; [18] ; [19] . Most students considered science to be boring, a list of big words and facts, intimidating, and not relevant to their lives [19] . Negative attitudes towards the study of science are also fostered as students experience no connection between their study and their real lives [20] .
Based on the interviews conducted with a biology teacher of the eleventh grade at MAN 1 Tanjung Pura have been known that the topic of human locomotor system was considered to be one of the most difficult matters that students have faced, particularly bone tissue, skeletal system, muscular system and muscular tissue due to the unclear concepts. This case was in line with the conditions in other schools across Tanjung Pura suggested that human locomotor system was quite difficult to be understood well. Although traditional methods of lecturing and experimenting have not proven effective, additional visual mapping learning techniques were implemented to provide students with the opportunity to engage and discover concepts, draw conclusions and report findings with supporting information [7] .
II. LITERATURE REVIEW
A problem is "a situation, quantitative or otherwise, that confronts an individual or group of individuals, that requires resolution, and for which the individual sees no apparent or obvious means or path to obtaining a solution" [21] . [21] also define problem solving as the means by which an individual uses previously acquired knowledge, skills, and understanding to satisfy the demands of an unfamiliar situation. The students must synthesize what they have learned, and apply it to a new and different situation. This definition is similar to the definition of the eighth element of problem solving, transfer: "when learning in one situation facilitates learning or performance in another situation" [22] . In the early 1900s, problem solving was viewed as a mechanical, systematic, and often abstract set of skills, such as those used to solve riddles or mathematical equations. These problems often have correct answers that are based on logical solutions with a single correct answer. Under the influence of cognitive learning theories, problem solving shifted to represent a complex mental activity consisting of a variety of cognitive skills and actions. Problem solving included higher order thinking skills such as visualization, association, abstraction, comprehension, manipulation, reasoning, analysis, synthesis, generalization, each needing to be managed and coordinated [3] .
Attitude can be defined as "feelings, beliefs and values held about the enterprise of school science, school science and the impact of the science on society" [23] . In his study, [24] defined attitude as positive or negative feelings about a person, an object or an issue. [25] proposed six dimensions regarding "attitudes toward science" namely; the manifestation of favorable attitudes to science and scientists, acceptance of scientific inquiry as a way of thought, adaptation of scientific attitudes, enjoyment of science learning experiences, development of interest in science and science related activities, and the development of interest in pursuing a career in science. [24] emphasizes that science-related attitude is a very important factor in influencing human behavior. Attitude is affected by personal opinion, and these opinions can be formed through personal life experiences and education. Attitudes toward science involves the students" affective behaviors; e.g. example preference, acceptance, appreciation and commitment.
III. RESEARCH METHOD

Location and Time of the Study
This study has been conducted at MAN 1 Tanjung Pura, Jalan Pembangunan No. 5, Desa Pekubuan, Tanjung Pura Subdistrict, Langkat Regency, North Sumatera, Postal Code 20853. This study has been employed from August to October 2017.
Population and Sample of the Study
The population of this study was the entire students of eleventh grade (XI) at MAN 1 Tanjung Pura, totally 141 students. The sample was consisting of 4 classes, XI-IPA 1 of 28 students, XI-IPA 2 of 39 students, XI-IPA 3 of 42 students and XI-IPA 4 of 32 students, respectively. The researcher withdrew the entire samples of this study using purposive sampling [26] .
Type and Design of the Research
This research applied a quasi-experimental technique, by conducting experiments in the classroom available, but not changing the classroom situation and learning schedule. The design of this research has been using a pretest-posttest experimental group design with 4x2 factorial to find out the effects of learning techniques and science-related attitudes on students" critical thinking and problem solving skills and their interactions as well [27] (see Table 2 ). (Source : Federer, 1977) 
Instruments of Data Collection
The research instruments used in this study were students" critical thinking tests consisting of 10 essay test adapted from [28] , based on Illinois Critical Thinking Essay Test, students" problem solving tests according to Polya and adapted by [29] , and science-related attitude questionairres which have been developed by [30] .
Technique of Data Analysis
According to [31] The hypothetical tests for students" problem solving skills were conducted by the test of two-way ANOVA on the significance degree of 0.05 and followed by the post-hoc test of Duncan"s Multiple Range Test (DMRT).
The Effects of Learning Techniques on Students"
Problem Solving Skills
The result from two-way ANOVA showed that learning techniques influenced the scores of students" problem solving skills (F = 94.214; P = 0.000). The scores of students" problem solving skills taught by concept mapping (87.74±2.586) were significantly higher than the scores of students" problem solving skills taught by direct instruction (78.84±2.689). It means that the average scores of students" problem solving skills taught by concept mapping had a percentage of 14.38% were higher than the average scores of students" problem solving skills taught by direct instruction. However, there were no significant effects of students" critical thinking skills taught by concept mapping (87.74±2.586), mind mapping (86.64±1.940) and argument mapping (87.00±2.494) as well. 
Advances in Social Science
The result from two-way ANOVA showed that sciencerelated attitudes influenced the scores of students" problem solving skills (F = 3.397; P = 0.031). The scores of high science-related attitudes on students" problem solving skills taught by learning techniques (concept mapping, mind mapping, argument mapping and direct instruction) of 85.68±4.312 (X±SD) were significantly higher than the scores of low science-related attitudes taught by learning techniques (concept mapping, mind mapping, argument mapping and direct instruction) of 77.26±3.614 (X±SD). It means that the average scores of students" high science-related attitudes taught by learning techniques had a percentage of 13.28% were higher than the average scores of students" low sciencerelated attitudes taught by learning techniques as well. The result from two-way ANOVA showed that the interactions between learning techniques and science-related attitudes influenced students" problem solving skills (F = 2.915; P = 0.000). The interactions between learning techniques and science-related attitudes taught by argument mapping were significantly different than taught by direct instruction. The results obtained for the scores of students" high science-related attitudes which were taught by concept mapping of 86.94±5.664, mind mapping of 87.29±4.493, and argument mapping of 88.19±4.726. The results obtained for the scores of students" low science-related attitudes taught by concept mapping were of 74.65±7.211, mind mapping of 75.81±6.328, and argument mapping of 77.38±6.415 as well. Students who were taught by direct instruction obtained the scores of high science-related attitudes of 79.00±5.652 and low science-related attitudes of 71.16±3.164.
Due to the hypotheses test, it showed that there were significant effects of learning techniques on students" problem solving skills, so it should be followed by Duncan"s Multiple Range Test (DMRT). The result of DMRT showed that students" problem solving skills taught by learning techniques with high and low science-related attitudes had significant differences. The scores of students" problem solving skills taught by argument mapping with high science-related attitudes were significantly different than the scores of students" problem solving skills taught by direct instruction with high science-related attitudes (P = 0.042<0.05) as well as taught by direct instruction with low science-related attitudes (P = 0.000<0.05). However, the scores of students" critical thinking skills taught by learning techniques (concept mapping, mind mapping and argument mapping) with high science-related attitudes were not significantly different than the scores of students" problem solving skills taught by learning techniques (concept mapping, mind mapping and argument mapping) with low science-related attitudes (P = 0.042>0.05). 
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Fig3.
The Effects of Learning Techniques and ScienceRelated Attitudes (High and Low) on Students" Problem Solving Skills at MAN 1 Tanjungpura (F = 2.915; P = 0.000). Different letters above the diagrams means significantly different.
Discussion
The Effects of Learning Techniques on Students" Problem Solving Skills
The result from two-way ANOVA showed that that learning techniques influenced the scores of students" problem solving skills (F = 94.214; P = 0.000). The scores of students" problem solving skills taught by concept mapping (87.74±2.586) were significantly higher than students" problem solving skills taught by direct instruction (78.84±2.689).
There is empirical support for the use of concept mapping (visual mapping tools) in enhancing, retaining and improving knowledge and problem solving. The potential of concept mapping to provide an effective and efficient support for illstructured problem solving has been reported in a number of studies [32] ; [33] ; [34] . Most of the studies define concept mapping as a knowledge representation technique [35] ; [36] ; [37] ; [38] ; [39] ; [40] . This definition reflects only one of the
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characteristics of concept mapping as problem solving tool. Concept mapping as a knowledge representation technique is a concise and intuitive way of externalizing the mental models of the problem solver as technique proposes a simple graphical format, which combines both visual and verbal coding. Concept mapping as a knowledge reflection technique, effectively supports self-appraisal on problem solving process and results. It also involves perception, that amplifies memory and thinking as creating more space for cognitive resources. Concept mapping as a knowledge creation technique, has a potential for an effective and efficient combination of different ideas and construction of alternative solutions.
[41] reported a study of secondary school students in Venezuela where students trained in concept mapping outperformed students without concept mapping training in tests measuring problem-solving skills. In another study by [42] , high school students in the United States showed significant advantages in achievement and problem solving tests when using concept mapping throughout a course as opposed to using single-shot concept mapping at the end of the course. However, even students using concept mapping at the end of the course had significantly better achievement and problem solving skill than those who did not use concept mapping at all.
[43] trained a group of students in concept mapping. They practiced their skills with the help of a mediator during case presentation sessions. A control group of students followed the traditional case discussion sessions. All students took multiple-choice examinations and problem-solving exams. The students were receiving concept mapping training performed significantly better than the traditional students in the problem-based exam but not in the multiple-choice exams. This was particularly true for lower-achieving students. [44] trained students in concept mapping techniques and immediately after asked them to develop a concept map on the topic of seizures. The students completed three one-hour education sessions on the same topic and were asked to develop a concept map again. Using their rubric, they found that the second maps had significantly better quality. However, the mapping scores were not significantly correlated to students" in-training board exams. [45] performed a metaanalysis of experimental studies and found that student concept mapping had the greatest effect on enhancing the correcting problem solving skills and correcting misconceptions.
In summary, the evidence indicates that visual mapping are potentially useful techniques that can increase students" problem solving skill.
The Effects of Science-Related Attitudes on Students"
Problem Solving Skills Science-related attitudes had the significant effects on students" problem solving skills. Science-related attitude was categorized into two main parts, high and low science-related attitude. In this case, high science-related attitudes taught by visual mapping (learning techniques) were better than low science-related attitudes by learning techniques as well. Problem solving competence could be developed by solving non-routine problems. Students rarely solve non-routine problem in their classroom [46] ; [47] , this due or to the fact that these kind of problems are rarely given on national tests [48] or students are not confident in their problem solving competence [46] . For a successful problem solving, students need to be motivated, as there is a correlation between students" science-related attitude and their scientific results [49] . Students" motivation is strongly related with their beliefs about the utility of science in their future life [50] , and with the interest level of solving the concrete problem. Teachers" science-related attitude influences students" attitude and problem solving skill [51] ; [50] .
In order to be able to solve non-routine problems, students should have a reasonable level of problem solving competency. This competency is "an individual"s capacity to use cognitive processes to confront and resolve real, crossdisciplinary situations where the solution path is not immediately obvious and where the literacy domains or curricula areas that might be applicable are not within a single domain of mathematics, science or reading" [52] . Science problem solving needs application of multiple skills [53] . Beliefs towards science are also important for a successful problem solving [54] . To measure the cognitive processes essential for problem solving, it is better to avoid the need of domain specific knowledge and strategies [55] , and try to evaluate logical reasoning skills, which are important for a successful science learning [56] .
In summary, the evidence indicates that science-related attitude is a potential aspect that can increase student"s problem solving skill.
The Interactions Between Learning Techniques and
Science-Related Attitudes on Students" Problem Solving Skills
The result from the hypothetical testing previously showed that the interactions between learning techniques and sciencerelated attitudes influenced students" problem solving skills. The interactions between learning techniques and sciencerelated attitudes taught by argument mapping were significantly different than taught by direct instruction.
In order to solve problems, students need to think critically, scientifically-mannered and formulate coherent evidence-based arguments. An evidence-based argument is an argument where the conclusion is reasonable given the assumptions, and the assumptions should be self evident or supported by evidence. Students at all levels have been found to be lacking in the ability to think critically, to have attitudes scientifically and to create evidence-based arguments. For these reasons more research needs to be done related to identifying and implementing effective and efficient instructional strategies that facilitate the development of argumentation skills to solve problems and have attitudes scientifically.
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Argument mapping as a visual mapping tool has been found to be an effective technique for developing problemsolving skills. However, given the characteristics of argument mapping such as the use of ill-structured problems and minimal guidance from the teacher, some students still struggle to solve problems, and they do not necessarily provide sound reasons or arguments for their solutions [57] ; [58] ; [59] . Research findings have been mixed regarding the effectiveness of argument mapping on the development of problem solving skills [60] ; [61] , the ability to create arguments [62] ; [58] , and learner motivation [63] . Therefore, in order for learners to develop the skills needed to create sound arguments to solve problems, some form of learner support is needed. Learner support in the form of scaffolding has been found to be effective in facilitating the ability to create evidence-based arguments. Several types of scaffolding in particular, such as question prompts, expert modeling and argumentation, have been found to be effective when used in argument mapping for the development of problem-solving skills and improving learner science-related attitudes. In addition to the mixed findings in the literature regarding the effectiveness of argument mapping, another rationale for this study includes understanding the effects of instructional strategies such as problem-based learning when used with argument mapping on a skill that has been deemed important for success in the 21 st century.
According to [64] , that an attitude is a tendency to think, feel, and act positively or negatively toward objects in our environment. Attitude organizes thoughts, emotions and behaviors towards a psychological object. Some attitudes are based on people"s own experiences, knowledge and skills, and some are gained from other sources [65] . It can be concluded in words of [66] that attitudes are learned, not inherited. The attitudes toward science change with exposure to science, but that the direction of change may be related to the quality of that exposure, the learning environment, and learning technique [66] . It can be said that a negative attitude towards a certain subject makes problem solving skills and learning or future-learning difficult. As conceived by [67] , "A positive attitude toward science leads to a positive commitment to science that influences student"s problem solving ability and lifelong interest and learning in science". But once the attitudes are formed they are long lasting and difficult to change [68] .
Problem solving tasks related to the content learned are provided in order to establish a context for the learners to engage metacognitive processes. Problem solving, one of the unique human capabilities, is categorized as a learning outcome, in which the learners are able to select and use rules to find a solution in a novel situation [69] . What learners acquires during the process of problem solving is a synthesis of other rules and concepts. [70] states that metacognitive processes in problem solving include assessing the requirements of the problem, constructing a solution plan, selecting an appropriate solution strategy, monitoring progress toward the goal, and modifying the solution plan. Thus, if visual mapping has facilitated meaningful learning for the learners to transfer their metacognitive skills from one situation to another, the learners should be consciously aware of themselves as an active problem solver participating in these metacognitive processes in problem solving. Therefore, in order to verify such transfer, the learners are asked to introspect their own thinking after they participate in a problem solving task. It could be concluded that there are interactions of visual mapping and science-related attitudes on students" problem solving skills.
V. CONCLUSION
Based on the results of the study and data analysis aforementioned, it was obviously concluded that: 1. There were significant effects of learning techniques on students" problem solving skills at MAN 1 Tanjung Pura (F = 94.214; P = 0.000). 2. There were significant effects of science-related attitudes on students" problem solving skills at MAN 1 Tanjung Pura (F = 3.397; P = 0.031). 3. There were interactions between learning techniques and science-related attitudes on students" problem solving skills at MAN 1 Tanjung Pura (F = 2.915; P = 0.000).
The results of the study implied that visual mapping is one of the other learning techniques which focuses on studentcentered instruction. A variety of educational mapping aids have been developed that enable the visual display of information, concepts and relations between ideas. These mapping aids take a variety of names including, such as concept mapping, mind mapping and argument mapping. The potential of these mapping aids for educational purposes is only now starting to be realised.
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